ABSTRACT: This paper focuses on the problem of computing container routes in an intermodal transportation network which is considered as a multimodal multicommodity network flow problem (MMNFP). According to the characteristics of sea-rail intermodal networks in China, a container routing model is proposed taking into consideration the transportation costs and transfer costs as a 0-1 programming model. The genetic algorithm is implemented, coded, and computationally tested on realistic size networks with promising results. Simulation results show that the algorithm generates optimal routes for each cargo from railway stations to seaports, which provide comprehensive guidance for scientific decisions.
INTRODUCTION
With the development of global economy, the freight demand has grown steadily over the past half century. As a result, intermodal movements are playing a more and more important role in international freight transportation system. Thus, it is essential to compute the optimal routes in intermodal network to minimize the freight cost as much as possible. So far, some researchers have done relative research on the problem. Min dealt with multiple objectives and on-time service requirements, he developed a chanceconstrained goal programming model which minimizes cost and risk, and at the same time satisfies various on-time service requirements (Min 1991 ). This study focused on the problem: how to select best routes for shipments through the international intermodal network. The international intermodal routing problem was formulated as a multiobjective multimodal multicommodity flow problem (MMMFP) with time windows and concave costs (Chang 2008 ). The paper focused on the routing of the tens of thousands of intermodal freight movements and the GIS technology was used to select appropriate intermodal routes from origins and destinations in intermodal networks (Worth & Peterson 2000) . Some scholars assumed the travel time was assumed deterministic and dependent on the departure time, searching optimal routes in networks (Miller & Mahmassani 2000 , Pattanamekar & Park 2003 . The above label correcting algorithm was developed for determining least time paths from all nodes of an intermodal network to a single destination node for every transport mode and departure times assuming time-dependent arc travel times and switching delays between modes (Ziliaskopoulos & Wardell 2000). A decomposition scheme was proposed for solving the travel planning problem i.e., optimum path problem in a transportation network with deterministic timedependent travel times under the constraint of visiting a sequence of specified nodes (Berube & Potvin 2006) . A backward label setting algorithm was proposed for identifying the entire set of nondominated solutions for the all to one multiple criteria time-dependent shortest path problem with positive cost values for waiting at the nodes (Hamacher & Ruzika 2006 ). Zhang considered the transportation costs and transportation time，and the best routes selection problem was transformed into a bi-objective shortest path problem through constructing the virtual network (Zhang & Wang 2013 ). Based on multi-commodity flow model，Ji built the car flow assignment and routing optimization model of railway network, which subjected to each car flow moving on one route only, car flow with big volume, the capacity of lines and stations (Ji & Lin 2011) . But there are few papers that combine route selection and transfer selection in a sea-rail intermodal network. This paper based on previous papers build the container routes model considering route selection and transfer selection simultaneously. This paper is organized as follows. Section 2 describes the proposed model. Section 3 uses a smallscale network to demonstrate the proposed model. Section 4 concluded the usability of the work presented in this paper. Hence, the first item of the objective represents the transportation cost, which sums up every arc transportation cost of each cargo; the second item denotes transfer cost. The objective function J is subject to constraints: for each cargo od, it is subject to flow conservation constraint at node i, i ∈ N / D; each destination d must be subject to flow conversation constraint; decision variables constraint. 
MODEL FORMULATION

NUMERICAL EXAMPLES
In this section, a numerical example is provided to demonstrate the applicability of the proposed model and the efficiency of the genetic algorithm for solving the MMNFP. The example is constructed according to the real-world case of intermodal sea-rail network in China. The structure of real intermodal network is shown as follows. Figure 1 , there are 10 nodes and 18 arcs. The black square denotes ordinary nodes; the black star denotes intermodal transfer nodes; the black round denotes the destination ports. The unit transportation cost between any two nodes and the unit transfer cost at intermodal transfers are shown in Table 1 . If there is not an arc between two nodes, the transportation cost between the two nodes is infinity. The genetic algorithm is implemented in the numerical example. And the simulation results in iteration 1, 10 ,20, 100 are shown in Figure 2 . As shown in Fig. 2 , from the iteration 20, the container routes scenario converges to a stable state. The optimal container routes for each cargo are as follow. As shown in Table 3 , the transportation volume on arc (6, 8) is the most (353 TEUs), which is on the optimal routes of seven cargoes. And the volume on arc (7, 10) is the second most (310 TEUs). The arc (5, 8) is the least (52 TEUs). 
CONCLUSIONS
The paper focuses on the multimodal multicommodity network flow problem (MMNFP) to select optimal container routes for each cargo in an intermodal sea-rail network. The problem is complicated by two subproblems: (1) container route selection (2) intermodal transfer selection. Since MMNFP is NP-hard, genetic algorithm is proposed to solve it. To illustrate the proposed model and heuristic algorithm, they are implemented in a small simple intermodal network. Future research is based on the proposed model which will focus on the MMNFP with time windows and random travel time.
